

[image: The significance of gut microbiota in the etiology of autoimmune hepatitis: a narrative review]
The significance of gut microbiota in the etiology of autoimmune hepatitis: a narrative review





REVIEW

published: 09 February 2024

doi: 10.3389/fcimb.2024.1337223

[image: image2]


The significance of gut microbiota in the etiology of autoimmune hepatitis: a narrative review


Chen Sun 1†, Dongzi Zhu 2†, Qi Zhu 3†, Zeping He 3, Yichao Lou 3 and Desheng Chen 3*


1 Clinical Research Center, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China, 2 Department of General Surgery, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China, 3 Department of General Surgery, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China




Edited by: 

Dong Tang, Yangzhou University, China

Reviewed by: Ramcés Falfán-Valencia, National Institute of Respiratory Diseases-Mexico (INER), Mexico

Zuyin Li, Peking University People’s Hospital, China

Huichun Xing, Capital Medical University, China

Qinghai Lian, Third Affiliated Hospital of Sun Yat-sen University, China

*Correspondence: 

Desheng Chen
 cdsdoctor@sjtu.edu.cn











†These authors have contributed equally to this work and share first authorship



Received: 12 November 2023

Accepted: 04 January 2024

Published: 09 February 2024

Citation:
Sun C, Zhu D, Zhu Q, He Z, Lou Y and Chen D (2024) The significance of gut microbiota in the etiology of autoimmune hepatitis: a narrative review. Front. Cell. Infect. Microbiol. 14:1337223. doi: 10.3389/fcimb.2024.1337223



Autoimmune hepatitis (AIH) is a chronic inflammatory disease of the liver that is mediated by autoimmunity and has complex pathogenesis. Its prevalence has increased globally. Since the liver is the first organ to be exposed to harmful substances, such as gut-derived intestinal microbiota and its metabolites, gut health is closely related to liver health, and the “liver-gut axis” allows abnormalities in the gut microbiota to influence the development of liver-related diseases such as AIH. Changes in the composition of the intestinal microbiota and its resultant disruption of the intestinal barrier and microbial transport are involved in multiple ways in the disruption of immune homeostasis and inflammation, thereby influencing the development of AIH. In terms of the mechanisms involved in immune, the gut microbiota or its metabolites, which is decreased in secondary bile acids, short-chain fatty acids (SCFAs), and polyamines, and increased in lipopolysaccharide (LPS), branched-chain amino acids (BCAA), tryptophan metabolite, amino acid, and bile acid, can disrupt immune homeostasis by activating various immune cells and immune-related signaling pathways, resulting in aberrant activation of the immune system. Clarifying this mechanism has significant clinical implications for the treatment of AIH with drugs that target intestinal microbiota and related signaling pathways. Therefore, this narrative review summarizes the progress in exploring the involvement of gut microbiota in the pathogenesis of AIH, with the aim of helping to improve the precise targeting of therapeutic treatments against AIH for the benefit of clinical AIH treatment.
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1 Introduction

Autoimmune hepatitis (AIH) is an autoimmune disease that has a high risk of progressing cirrhosis and end-stage liver failure if not promptly diagnosed and treated (Muratori et al., 2023). Although the precise cause of AIH is still unknown, genetic factors, environmental factors, and autoimmune reactions are closely linked to the etiology of AIH (Manns et al., 2015; Floreani et al., 2018).

Advances in genome sequencing technology, bioinformatics, and culturomics have led to a further understanding of the characterization and function of the gut microbiota (Macori and Fanning, 2023; Shen et al., 2023). The gut microbiota is composed of bacteria, archaea, eukaryotes, viruses, and parasites (Weiner et al., 2023). The interplay amidst the gut microbiota and the host’s intestinal milieu assumes a pivotal function in the realms of digestion, metabolism, immunity, inflammation, and afflictions (Macori and Fanning, 2023). Since the liver receives the majority of its blood supply from the intestine, alterations in the intestine’s microbiota and metabolites can have a significant impact on the progression of liver pathology. In recent years, a growing body of evidence suggests that the gut microbiota may affect the progression of liver disease via the gut/microbiome-liver axis (Albillos et al., 2020; Hov and Karlsen, 2023). The gut microbiota dysbiosis plays an important role in autoimmune-mediated diseases including AIH (Liu et al., 2021a). Several studies have emphasized the importance of “gut-liver crosstalk” in the pathogenesis of AIH (Liang et al., 2021; Wang et al., 2021). Microorganisms have the ability to impact intestinal immune cells by presenting diverse molecular structures that can activate innate immune sensors and/or adaptive immune receptors. Segmented filamentous bacteria (SFB), which are commensal bacteria derived from Taconic mice, exhibit a specific colonization pattern in the ileum. They have the ability to induce the differentiation of T helper (Th) 17 cells and activate type 3 innate lymphoid cells (ILC3s) (Park et al., 2023). In addition, Clostridia, a prevalent class of commensal microorganisms, are capable of triggering the development of regulatory T (Treg) cells within the colon by instilling transforming growth factor-β1 (TGF-β1) and indoleamine-2,3 dioxygenase (IDO) in the immune microenvironment. These Treg cells play a crucial role in suppressing inflammatory and allergic responses (Ramanan et al., 2023). However, the specific mechanisms of the gut microbiota and its metabolites implicated in the development of AIH have not been fully elucidated, and there are an increasing number of clinical and basic studies focusing on the microbiota for the treatment of AIH. Thus, a narrative review of the relationship between the microbiota and its metabolites and the development of AIH is urgently required to investigate the molecular mechanisms and provide new insights into the clinical management of AIH.

This narrative review will describe the relationship between the gut microbiota and its metabolites and the pathogenesis of AIH, and summarize the specific mechanisms of the gut microbiota and its metabolites involved in the process of the development of AIH from multiple perspectives. It contributes to the clinical therapeutic challenges, with the aim of providing new targets and new ideas for the future treatment of AIH.




2 Involvement of gut microbiota in AIH development

Patients with AIH have intestinal microflora that exhibit symbiosis. Their intestinal microflora is characterized by decreased bacterial diversity and altered bacterial relative abundance compared to that of healthy individuals (Cheng et al., 2022). The altered abundance of different gut microbiota in AIH patients versus healthy individuals is shown in Table 1. AIH is associated with a substantial decrease in the diversity of the gut microbiome and an increase in the relative abundance of aerobic or partially anaerobic microbes (Cheng et al., 2022). A study revealed a striking disparity between specific pathogen-free (SPF) mice and germ-free (GF) mice in terms of their susceptibility to Concanavalin A (ConA)-induced liver injury. The research findings demonstrated that GF mice exhibited resistance to such liver injury, in sharp contrast to SPF mice (Wei et al., 2016). However, the trend of Proteobacteria, Firmicutes, and Bacteroidetes in various research is still controversial and requires more authoritative studies and a larger number of patients and normal subjects (Elsherbiny et al., 2020; Wei et al., 2020). To understand the composition and relative abundance of intestinal microbiota, the detection of 16S rRNA gene sequencing has some clinical significance in deducing the pathogenesis of AIH through the characterization of intestinal microbiota. However, the results of different studies vary considerably. Manfredo Vieira et al. have confirmed that one of the culprits of systemic lupus erythematosus (SLE) and AIH is E. gallinarum, which has been discovered in the livers of patients with SLE and AIH (Manfredo Vieira et al., 2018). However, Wei et al. found no difference in the relative abundance of E. gallinarum in 28 AIH patients and 34 healthy controls (Wei et al., 2020). A study found significantly lower proportions of Bifidobacterium and Lactobacillus in AIH by comparing Bifidobacterium, Lactobacillus, Escherichia coli, and Enterococcus in 24 patients with AIH and 8 healthy individuals (Lin et al., 2015). Similarly, another study involving 15 AIH patients and 10 healthy individuals as controls, whose fecal samples were sequenced by 16S rRNA gene sequencing, found that AIH patients had a greater abundance of Bacteroides, Clostridium, Lactobacillus, Bifidobacterium, and Eubacterium (Elsherbiny et al., 2020). Veillonella is associated with elevated levels of aspartate aminotransferase (AST) and liver inflammation and is closely associated with AIH in Veillonella, Streptococcus, Klebsiella, and many other genera (Wei et al., 2020). Therefore, the diversity and proportional changes in the microbiota may have clinical significance for the early detection and differentiation of AIH patients from the healthy population. Through modeling and cohort validation, the combination of Veillonella, Lactobacillus, Oscillospira, and Clostridium was effective in differentiating patients with AIH from normal healthy individuals, with an area under the an area under curve (AUC) for the probability of disease of 78% (95% CI 0.71 to 0.84), with Veillonella correlating with the severity of AIH Veillonella was associated with AIH severity. These findings suggested a superior predictive capability, which could enhance patient evaluation and aid in making clinical decisions regarding management (Liwinski et al., 2020; Wei et al., 2020). Additionally, Roseburia, Bacteroides, Lachnospiraceae, Veillonella, and Ruminococcaceae discriminated between AIH patients and healthy individuals with AUC that could reach 83.25% (95% CI 0.76 to 0.91) (Lou et al., 2020). As several factors could affect the composition and proportion of the gut microbiota, and as there is variation between studies regarding the gut microbiota of AIH patients, the study requires more rigorous and extended follow-up cohort studies.


Table 1 | Changes in the relative amount of gut microbiota in AIH patients compared to healthy individuals.



In order to investigate the impact of antibiotics and microbiota on children diagnosed with AIH/primary sclerosing cholangitis (PSC) overlap syndrome or PSC alone, a clinical study was conducted to assess alterations in the gut microbiota [NCT03069976]. This study aimed to understand the role of microbiota in the pathogenesis of AIH/PSC overlap syndrome and PSC in children. The majority of patients with AIH have an insidious onset of disease, while a small number have an acute onset and lack due to the lack of effective interventions, often progressing to cirrhosis, hepatic failure, and other manifestations of hepatic dysfunction. Fecal microbiota transplantation (FMT) is a well-established therapeutic approach to stably alter the gut microbiome and has been shown to be safe and effective in several disease states resulting from intestinal dysbiosis. Two additional clinical studies evaluated whether alteration of the gut microbiome by FMT could ameliorate hepatic dysfunction and inhibit malignant progression of liver function by alleviating intestinal dysbiosis and immune dysfunction [NCT02862249, NCT03014505].

Yuksel et al. developed human leukocyte antigen DR3 nonobese-diabetic (HLA-DR3 NOD) mice as a ‘humanized’ mouse model of AIH by immunizing human HLA-DR3 transgenic NOD mice with cytochrome P4502D6 protein/formiminotransferase cyclodeaminase (CYP2D6/FTCD). They discovered that the composition of the intestinal microbiota in HLA-DR3 mice with liver injury was substantially different from that of wild-type nonobese-diabetic (WT NOD) mice with liver injury. This demonstrates that interactions between gut microbiota and the mucosal immune system may be one of the primary causes of AIH, but its definitive mechanism in the development of AIH still needs to be investigated in additional human and animal models (Yuksel et al., 2015). In recent years, as people have become more aware of AIH, an increasing number of studies have demonstrated that gut microbiota-induced processes, such as gut barrier disruption, gut microbiota migration, altered gut microbial metabolism, and disruption of immune homeostasis, play crucial roles in the development and progression of AIH (Wang et al., 2023, Li and Kang, Terziroli Beretta-Piccoli et al., 2022). Figure 1 summarizes the current understanding of the mechanisms by which intestinal microbiota contributes to AIH.




Figure 1 | Mechanisms of intestinal microbiota involved in the development of AIH. LPS, lipopolysaccharide; SCFAs, short-chain fatty acids; AHR, aryl hydrocarbon receptor; BCAA, branched-chain amino acids; TFR, follicular regulatory T; TFH, follicular helper T; Th 1, T helper 1; Th 2, T helper 2; Th 17, T helper 17; TLR4, toll-like receptor 4; NF-kB, nuclear factor-kappa B; ERK, extracellular regulated protein kinases; mTOR, mammalian target of rapamycin; IgA, Immunoglobulin A.





2.1 Disruption of the intestinal barrier and intestinal microbiota translocation

The intestinal barrier, which consists of microbial, chemical, mechanical, and immune barriers, is an innate barrier that maintains a tranquil intestinal environment and prevents harmful substances, such as bacteria and endotoxins, from leaving the intestine and entering other tissues and organs of the body. Functional intestinal barrier integrity is required to prevent bacterial transfer (Kronsten et al., 2022). The integrity of the intestinal barrier is closely related to intestinal villi, tight junctions between cells, normal intestinal microbiota, and related cytokine proteins (Lin et al., 2023). In addition, the tightness and integrity of transmembrane and cytoplasmic protein junctions are also critical for maintaining the normal function of the intestinal barrier (Alizadeh et al., 2022).



2.1.1 Gut microbial

The intestinal tract hosts many species of commensal bacteria, which are constantly stimulated by foreign dietary and environmental antigens and maintain a dynamic equilibrium while contributing to the body’s normal physiological functions (Airola et al., 2023). Under normal physiological conditions, the intestinal microbiota plays a key role in maintaining the normal structure of the gut, promoting the integrity of the intestinal barrier, and modulating the mucosal immune response by maintaining intercellular connections and promoting epithelial repair (Gupta and Dey, 2023; Iancu et al., 2023). A study evaluates the correlation of changes in gut permeability, bacterial transit, and gut microbiome with AIH progression in patients with AIH. According to this study, AIH was associated with disturbed intestinal microbiota and damaged intestinal barrier (Lin et al., 2015). Dysbiosis of the intestinal microbiota through a variety of mechanisms leading to impaired intestinal villi or insufficient tightness and integrity of connexins may affect the integrity of the intestinal barrier, thereby facilitating bacterial translocation and affecting the normal physiological functioning of the liver. Normal duodenal villi have a finger-like or leaf-like structure. Compared to the typical structures observed in healthy individuals, study has revealed modified intestinal tight junctions and inflammatory infiltrates within the lamina propria of AIH patients. These modifications result in damage to the intestinal mucosa and elevated levels of endotoxins in the bloodstream, thereby triggering the immune tolerance impairment mechanism and causing liver injury (Kharrazian et al., 2023; Zhang et al., 2023b; Zhu et al., 2023). Under normal physiological conditions, anaerobic/aerobic bacteria in the intestinal microbiota maintain a dynamic balance and participate in physiological processes, and the disruption of this balance also can lead to intestinal barrier damage and bacterial translocation across the intestinal barrier to other organs, resulting in inflammation, immune disorders, and various other adverse effects (Lin et al., 2015).




2.1.2 Metabolites of gut microbial

Different metabolic patterns are utilized by intestinal microbiota to conduct complex and active metabolic reactions in the intestinal tract. Using the undigested food of the host and the secretions of intestinal epithelial cells as substrates, they generate a large number of metabolites that are either beneficial or detrimental to the human body. In addition to changes in intestinal microflora, changes in the composition and abundance of its metabolites play a significant role in maintaining the integrity and tensile strength of the intestinal barrier. These metabolites also impact the intestinal barrier integrity of the host in various ways, either directly or indirectly, leading to an intestinal inflammatory response and the development of liver-related autoimmune diseases such as AIH.

In AIH disease models, dysbiosis induces metabolic alterations in the gut microbiota, which in turn disrupt gut barrier integrity and immune homeostasis (Cheng et al., 2022). Changes in gut microbiota metabolites in patients with AIH include decreased concentrations of short-chain fatty acids (SCFAs), tryptophan metabolite, secondary bile acids, and polyamines, and increased concentrations of branched-chain amino acids (BCAA) (Elsherbiny et al., 2020; Kayama et al., 2020; Liwinski et al., 2020; Lou et al., 2020; Wei et al., 2020). Among these, SCFAs (Liwinski et al., 2020; Lou et al., 2020), lipopolysaccharide (LPS) (Wei et al., 2020), and tryptophan metabolite (Kayama et al., 2020) are significant for maintaining the integrity of the intestinal barrier.

The microbiota in the intestine digests indigestible polysaccharides into SCFAs to provide energy to the cells. As an important metabolite of microorganisms, SCFAs, consisting of propionic acids, acetic acids, and butyric acids, are essential for the maintenance of intestinal integrity, not only regulating intestinal pH, increasing mucus production, up-regulating the expression of tight junction proteins, providing fuel for epithelial cells, and affecting mucosal immune function (Blaak et al., 2020). The reduction in SCFAs in AIH patients may be associated with disruption of the intestinal barrier and subsequent progression of AIH (Cheng et al., 2022). Butyric acid, the most important component of SCFAs, can induce mucin expression by stimulating intestinal epithelial cells (IECs), causing changes in bacterial adherence and intestinal barrier tightness (Liu et al., 2022), which in turn affects the development of AIH.

In addition to the direct effects of SCFAs on the intestinal barrier described previously, it has been demonstrated that SCFAs can also function as beneficial microbiota metabolites in the liver-gut axis to inhibit LPS-induced inflammatory responses (Gao et al., 2023; Yan et al., 2023). LPS, or endotoxin, is a component found in the outer membrane of the majority of Gram-negative bacteria. It plays a vital role in the gut-liver axis by triggering the activation of immune cells, such as Kupffer cells, and leading to the release of pro-inflammatory cytokines, among other effects (Babu and Mohanty, 2023; Brock and Cooper, 2023). The abnormal metabolism of intestinal microflora in AIH patients leads to an increase in the ability to synthesize LPS and the relative abundance of LPS in the intestine (Wei et al., 2020). Additionally, Veillonella, which is strongly associated with AIH, also produces LPS (Fan et al., 2023). The intestinal bacterial membrane component LPS can activate toll-like receptor 4 (TLR4), resulting in reduced expression of intestinal barrier tight junction proteins and impaired intestinal barrier (Liu et al., 2021b). Similarly, the pathway by which LPS leads to gut barrier disruption also includes activation of the downstream nuclear factor kappa B (NF-κB) signaling pathway (Liu et al., 2021b). Zonulin, a biomarker associated with the integrity of barriers and playing a vital role in the regulation of intercellular tight junction function, triggers the phosphorylation of zonula occludens proteins, resulting in the disassembly of tight junctions and an elevation in intestinal permeability. Tulkens et al. found a significant positive correlation between bacterial extracellular vesicles (EV)-associated LPS and the amount of zonulin in plasma by analyzing plasma from 49 subjects (Spearman’s r=0.4241, p=2.45×10-2) (Tulkens et al., 2020). Therefore, increased abundance of LPS due to aberrant metabolism of intestinal microorganisms leads to increased zonulin content, which in turn leads to increased intestinal permeability, resulting in adverse effects such as intestinal inflammation and bacterial translocation.

Tryptophan that enters the intestine is broken down by tryptophanase to indole, which can enhance intestinal barrier function by activating the pregnane X receptor (PXR) and aryl hydrocarbon receptor (AHR). Consequently, tryptophan deficiency also affects intestinal barrier integrity (Kayama et al., 2020). Among them, AHR is present in various immune cells and endothelial cells, and activation of AHR via indole and tryptamine contributes to the production of various immune-associated cytokines, such as interleukin-10 (IL-10), interleukin-17 (IL-17), interleukin-22 (IL-22), thereby regulating intestinal immune homeostasis. Furthermore, activation of PXR regulates intestinal barrier mucosal integrity mediated by TLR4 (Ye et al., 2022). Indole acts as a ligand for the AHR, and the secretion of IL-22 upon AHR activation also plays an important role in maintaining normal epithelial barrier function (Ye et al., 2022). IL-22-producing cells consist of Th1 cells, Th 22 cells, CD8+T cells, Th 17 cells, and other lymphocytes, and the efficient production of IL-22 is closely related to the activation of AHR (Mar et al., 2023). Mucus serves as the first line of defense against the invasion of microorganisms and pathogens, protecting intestinal health. The regulation of epithelial homeostasis includes the regulation of epithelial cell proliferation and permeability, as well as the regulation of the production of mucus, complement, and antimicrobial proteins (AMPs) (Keir et al., 2020). IL-22 modulates the growth and permeability of epithelial cells and influences the production of mucin, complement, and AMPs to maintain epithelial homeostasis. In addition, IL-22 can increase the amount of mucus in mucosal tissues by increasing the number of cuprocytes. Consequently, the expression of mucins produced by cuprocytes and activation of Signal Transducer and Activator of Transcription 3 (STAT3)-dependent signaling induces the expression of mucin-associated genes in mucosal epithelial cells, etc. Therefore, the key role played by tryptophan metabolite in the development of AIH should not be overlooked.




2.1.3 Other protein components

Several important small molecules are also involved in the alteration of the intestinal barrier. Polymeric immunoglobulin receptor (pIgR) is a single transmembrane protein and a key regulator of AIH. Its extracellular secretory components can be released in the form of secretory immunoglobulin A (sIgA), but the deficiency of pIgR will reduce the intestinal sIgA level and increase the intestinal barrier dysfunction, leading to more severe intestinal microbiota imbalance, increased bacterial migration, and accelerated development of AIH (Lin et al., 2023). sIgA possesses antimicrobial properties that inhibit aberrant immune responses triggered by intestinal microorganisms and prevent autoimmune reactions (Lin et al., 2023). In addition, intestinal epithelial pIgR is closely associated with intestinal barrier destruction and subsequent liver injury in experimental AIH mice (Lin et al., 2023).

Under healthy conditions, only a limited number of bacteria and their metabolites can reach the liver and be eliminated by the immune system of the liver. Under pathological conditions, however, disruption of the microbiota causes an increase in intestinal permeability, which results in the transfer of bacteria from the intestines to the liver via the circulation, thereby triggering liver inflammation and fibrosis (Bruneau et al., 2021; Bragazzi et al., 2023; Jiang et al., 2023). Consequently, the degradation of the intestinal barrier and the increase in intestinal permeability caused by intestinal microorganisms, their metabolites, and associated proteins are also essential components of the pathogenesis of AIH.





2.2 Destruction of immune homeostasis

The intestinal barrier is also essential for preventing the translocation of intestinal microbiota and maintaining intestinal immune homeostasis (Chopyk and Grakoui, 2020). AIH’s immune-related pathogenesis is more intricate and inadequately articulated. A significant contributor to the development of AIH is the abnormal activation of intestinal microflora and its metabolites on the innate immune system. It is well known that the target antigen of the majority of AIH is an unidentified autoantigen or a foreign antigen similar to an autoantigen. Intestinal microorganisms and their metabolites as antigens are capable of interacting with mucosal immune cells and influencing the body’s immune response, thereby influencing the development of AIH via immune pathways. Excessive production of gut-derived toxic metabolites may disrupt normal liver physiology via abnormal activation of the innate immune system and activation of signaling pathways and related receptors associated with hepatic inflammation, leading to hepatic inflammation and hepatic autoimmune diseases such as AIH.



2.2.1 Gut microbial metabolites

The gut microbiota and its metabolites can modulate immune responses in numerous ways to either maintain intestinal homeostasis or induce intestinal inflammation. The gastrointestinal tract is essential for preventing gut microbiota exposure and maintaining immune homeostasis in the host (Chopyk and Grakoui, 2020; Bragazzi et al., 2023). Numerous factors influence the constitution and abundance of intestinal microflora, so its composition is not static. Alterations in gastrointestinal microbiota metabolism result in changes in metabolite concentrations (decrease in secondary bile acids, SCFAs, and polyamines, and increase in BCAA), which affect immune homeostasis in various ways and promote the development of AIH (Elsherbiny et al., 2020; Liwinski et al., 2020; Lou et al., 2020; Wei et al., 2020).

Bile acids are important metabolites of the microbial community that can directly or indirectly affect the microbial community by activating the innate immune system (Guo et al., 2022). Bile acid metabolism can be affected by Bacteroides, Clostridium, Lactobacillus, Bifidobacterium, and Eubacterium, which are enriched in AIH patients (Elsherbiny et al., 2020). In a Con A-induced mouse model of hepatitis, it was discovered that a decrease in the relative amount of Clostridium in the intestinal tract and a concomitant reduction in the number of secondary bile acids secreted by Clostridium attenuated liver injury by inhibiting its activation of the G protein-coupled bile acid receptor 1 (GPBAR1) on the surface of natural killer T (NKT) cells and suppressing their polarization to NKT 10 cells and the secretion of IL-10 (Biagioli et al., 2019). Since SCFAs can affect mucosal immune function, their composition and relative abundance are also closely associated with health status (Ríos-Covián et al., 2016; Blaak et al., 2020). SCFAs have multiple effects on T cell activation and their immune effector functions. By inhibiting histone deacetylases (HDACs), butyrate and propionate may also play a significant role in inducing the differentiation and anti-inflammatory properties of T regulatory cells (Xu et al., 2022; Blake et al., 2023; Khantakova and Sennikov, 2023; Yang et al., 2023). Moreover, polyamines could facilitate the differentiation and maturation of intestinal immune cells, whereas metabolic disorders in the intestinal microbiota led to altered arginine metabolism and decreased serum polyamine levels, thereby altering the normal intestinal immune response (Wei et al., 2020; Cheng et al., 2022). Meanwhile, BCAA including valine, leucine, and isoleucine, are also involved in the intestinal immune process, which can be involved in the up-regulation of innate and adaptive immune responses through the activation of various signaling pathways [isoleucine: G-Protein Coupled Receptor, extracellular regulated protein kinases (ERK) signaling pathways; leucine: mammalian target of rapamycin (mTOR); valine: NF-kB]. In addition, the metabolism of BCAA is upregulated in AIH patients relative to normal controls. Cirrhosis is a clinical manifestation associated with AIH, and its increased levels of relevant proteins are linked to two metabolic pathways, namely map00290 (biosynthesis of valine, leucine, and isoleucine) and map00770 (biosynthesis of pantothenate and coenzyme A) (Elsherbiny et al., 2020).




2.2.2 Gut microbes and their metabolite transport

Various factors, including intestinal microorganisms, degrade the intestinal barrier function, and intestinal permeability increases, intestinal bacteria are more likely to transfer to external organs, and the innate immune system is stimulated, resulting in liver inflammation and liver damage. The toll-like receptor (TLR) pathway plays a crucial function in the activation of the host immune response by intestinal microorganisms (Kayama et al., 2020). Gut microbes and their metabolite transport, including LPS and bacterial DNA, can effectively activate the immune response through the activation of TLR, which in turn causes liver injury, and the degree of increase in the plasma level of LPS in patients with AIH is significantly correlated with the severity of AIH (Papadakos et al., 2023; Verma et al., 2023).

The immune system also uses the secretion of antimicrobial peptides and Immunoglobulin A (IgA) to safeguard the intestinal barrier and maintain immune homeostasis (Chopyk and Grakoui, 2020). IgA is a significant component of the intestinal mucosa and plays a key role in maintaining intestinal immune homeostasis by regulating intestinal microbiota translocation and growth and even inhibiting or killing bacteria (Hapfelmeier et al., 2010; Gutzeit et al., 2014; Nakajima et al., 2018). IgA-mediated transport by pIgR is involved in mucosal immunity and plays an important role in regulating the development of AIH (Kaetzel, 2005; Lin et al., 2023). IgA binds to various bacteria to induce distinct IgA-type immune responses. Under normal physiological conditions, the intestinal tract of healthy individuals produces IgA to maintain intestinal homeostasis. Consequently, IgA and sIgA play a critical role in maintaining intestinal environmental stability and intestinal autoimmune responses (Huang et al., 2020). In addition, SCFAs are closely linked to IgA production and can influence intestinal homeostasis by affecting IgA, and thus intestinal homeostasis. It has been revealed that administration of SCFAs mixture increases the expression of IgA or the levels of IgA secreted in various intestine regions, as well as the levels of IgA and immunoglobulin G (IgG) in the blood circulation (Kim et al., 2016). In AIH patients, the lack of SCFAs disrupts immune homeostasis by altering the levels of IgA, sIgA, and IgG, thereby contributing to the development of AIH. The absence of SCFAs in patients with AIH is a significant factor in the development of AIH.




2.2.3 Disruption of immune cell homeostasis

Various immune cells interact and contribute to the maintenance of the body’s immune homeostasis. Changes in immune cells such as regulatory cells, Antigen-presenting (APC) cells, Th 1 cells, Th 2 cells, macrophages, Treg cells, and NKT cells have a significant effect on the immune system of the body. When such a system is dysfunctional, autoimmune diseases such as AIH as well as infections and tumors may develop. In addition to immune cell imbalances, the disruption of the systemic immune response that ultimately leads to AIH is also influenced by mucosal immunity (Wang et al., 2021). Metabolic disorders of gut microbes also contribute to the development of AIH by disrupting immune homeostasis via activation of immune cells or disruption of the dynamic equilibrium between immune cells (Cheng et al., 2022).

The imbalance of intestinal microflora will lead to inflammatory reactions and trigger self-reactive T cells (CD4+ T cells and CD8+ T cells), thus driving the occurrence of spontaneous autoimmune in target organs (Horai et al., 2015; Ruff et al., 2019). During AIH pathogenesis, APC cells activate T lymphocytes by mispresenting liver autoantigens as foreign antigens to uncharacterized T lymphocytes (Longhi et al., 2021). As unconventional APC cells, the presence of MHC class II molecules on the surface of hepatocytes has resulted in an enhanced autoimmune response to AIH (Gong et al., 2022). In vitro studies have shown that low concentrations of butyrate, a gut microbial metabolite, inhibit the proliferation of CD4+ T and CD8+ T cells (Corrêa-Oliveira et al., 2016). Many studies have shown that B. fragilis, a member of the intestinal microflora, can influence the differentiation and development of T lymphocytes by activating pattern recognition receptors (PRRs) such as Nucleotide-binding oligomerization domain 2 (NOD2), Toll-like receptors 1 (TLR1), Toll-like receptors 2 (TLR2) (Cheng et al., 2019). When stimulated by heat-killed B. fragilis, human peripheral blood mononuclear cells (PBMCs) have a greater capacity to produce interleukin-8 (IL-8) and interleukin-6 (IL-6) (Stappers et al., 2012). The dynamic balance of follicular regulatory T (TFR)/follicular helper T (TFH) cells also plays an important role in the immune homeostasis of the organism. Activated TFH cells participate in the autoimmune process and increase autoantibody secretion, whereas TFR cells inhibit the immune activation of TFH cells through the recognition of cytotoxic T-lymphocyte-associated protein 4 (CTLA4) while simultaneously inhibiting the development of autoimmunity in the organism. The elevated ratio of TFH cells induces pro-inflammatory factor production and aberrant activation of the immune system. Furthermore, the imbalance of the ratio of TFH cells to TFR cells plays an important role in the pathogenesis of the immunopathology of AIH (Liang et al., 2021). Activation of the TLR4/Myeloid differentiation factor 88 (TLR4/MyD88) signaling pathway by elevated LPS in the AIH model achieves both inhibition of TFR cells and activation of TFH cells (Levy et al., 2017). Inflammation and fibrosis of the liver caused by the immune system are closely linked to the activation of Kupffer cells by NKT cells and the recruitment of macrophages to secrete pro-inflammatory factors. When the intestinal barrier is compromised, intestinal microbiota and its metabolites, as intestinal antigens, pass through the barrier and transfer to the liver, activating hepatic dendritic cell (DC) in situ and subsequently causing NKT cell activation. When intestinal pathogens activate intestinal DC in the intestinal tract, intestinal DC is transmitted to the liver via Peyer patches, causing activation of hepatic NKT cells (Cheng et al., 2022).

Th cells, also referred to as T helper cells, engage in diverse subpopulations and interactions to activate macrophages and other immune cells for antigen phagocytosis and clearance. Th cells exhibit the ability to release a range of cytokines, contributing to various immune responses within the body. The balance between Th 1 and Th 2 cells is essential for the maintenance of cellular and humoral immunity, and an imbalance between the two disrupts immune homeostasis. On the surface of hepatocytes, Th 1 cells that secrete Interferon-gamma (IFN-γ) and interleukin-2 (IL-2), cytokines, and HLA class I antigen (HLA class I) and HLA class II are upregulated (Lobo-Yeo et al., 1990). Cytokines such as interleukin-4 (IL-4) and IL-10, which are secreted by Th 2 cells, enhance cytotoxicity by mediating the maturation of B cells into plasma cells that produce antibodies; if this cytotoxicity is not effectively inhibited, it is negatively correlated with the prognosis of the patients (Cochrane et al., 1976; Cochrane et al., 1978). Th 1 cell overactivation may trigger specific autoimmune diseases such as AIH, whereas Th 2 cell overactivation leads to the predisposition of the organism to infections and tumors. Additionally, it has been demonstrated that hepatocyte destruction mediated by Th 1 immune response plays a crucial role in the development of AIH (Yuksel et al., 2015). Notably, SCFAs inhibit the polarization process of Th 2 cells, causing a marked Th 1 tilt in the Th 1/Th 2 balance (Trompette et al., 2014). The acetylation of p70 S6 kinase and phosphorylation of rS6, which are essential for the mTOR pathway involved in the development of Th 17, Th 1, and IL-10+ T cells, were enhanced by inhibiting Histone Deacetylase (HDAC) in T cells using SCFAs (Park et al., 2015).

Th 17 and Treg cells are two subpopulations of lymphocytes with opposing functions, and the dynamic equilibrium of their ratios is crucial to the maintenance of the body’s normal immune response. The abnormal Th 17-cell response observed in AIH is associated with changes in the signaling of the AHR. These alterations lead to a diminished ability of Th 17 cells to respond to AHR activation. The increased proportion of Th 17 cells promotes the secretion of pro-inflammatory factors, such as tumor necrosis factor-α (TNF-α), which are intimately involved in the inflammatory injury of the liver and the activation of autoimmunity during its transitional phase. In contrast, Treg cells play an immunosuppressive function by secreting anti-inflammatory factors such as Transforming growth factor beta (TGF-β) and IL-10, which maintain a dynamic equilibrium with the ratio of Th 17 cells and regulate immune homeostasis under normal physiological conditions. Loss of immune tolerance is a key factor in the disruption of immune homeostasis in patients with AIH. Decreased numbers and functional defects of Treg cells, along with an increase in Th 17 cell polarization, may contribute to the loss of immune tolerance (Grant et al., 2014; Beringer and Miossec, 2018).

However, the alteration of intestinal microbiota leads to the destruction of the Treg/Th 17 immune balance, which causes an inflammatory response leads to the abnormal activation of immune response, and promotes the occurrence of AIH. In patients with AIH, the expression of Th 17 and Th 17-related cytokines (IL-17) was significantly elevated in the liver and peripheral blood, and the number of Th 17 cell infiltrates was strongly correlated with the severity of liver inflammation (Zhao et al., 2011; Beringer and Miossec, 2018). Even the ratio between Treg/Th 17 is related to the severity of AIH (Liu et al., 2021b). The imbalance between Treg and Th 17 cells may be caused by the interaction between intestinal parasites and the mucosal immune system (Khorasani et al., 2019). In addition, AHR activation can induce the upregulation of ectonucleoside triphosphate diphosphohydrolase 1 (CD39), an extracellular enzyme that hydrolyzes ATP to produce immunosuppressive adenosine, and the low level of CD39 is related to the imbalance between Treg and Th 17 cells (Vuerich et al., 2021). IL-17 also contributes to impaired Treg cell function, and increased amounts of IL-17 lead to polarization of newly generated Treg (ng Treg) toward a pro-inflammatory Treg phenotype with activated immune function (Longhi et al., 2012). It can induce immune cell infiltration and liver injury, which leads to liver inflammation and fibrosis. SCFAs, including butyrate, succinate, and propionate, have been suggested as small molecular mediators involved in microbial regulation of Treg cells. They exert their effects by inhibiting histone deacetylases, thereby modulating histone or FOXP3 acetylation, or by interacting with metabolite-sensing G-protein-coupled receptors, such as G-Protein Coupled Receptor 43(GPR43) or G protein-coupled receptor 109A (GPR109A) (Ramanan et al., 2023). Using IL-17 neutralizing antibodies can reduce serum alanine aminotransferase (ALT) levels and improve liver inflammation, which indicates that IL-17 plays an important regulatory role in the development of AIH (Zhao et al., 2011; Beringer and Miossec, 2018). Vuerich et al. found that elevated levels of HIF-1α in Th 17 cells and upregulation of aryl hydrocarbon receptor repressor (AHRR) and Estrogen Receptor-αPolypeptide (Erα) in Treg cells led to disruption of AHR signaling function and purinergic activity in Th 17 and Treg cells (Vuerich et al., 2021). Recent research has demonstrated that the proportion of Th 17-type and CD161-positive T cells, as well as the secretion of IL-22 by Th 22-type responses, is required for the normal epithelial barrier function (Walker et al., 2019; Alcorn, 2020). Extracellular Association of Tennis Professionals co-produced by gut microbiota leads to the activation of immune cells, which in turn leads to cell death. Besides, it also plays an important role in promoting the differentiation of Th 17 cells (Kayama et al., 2020). Polysaccharide A (PSA) in B. fragilis capsules is also involved in maintaining host immune balance. The inhibition of Th 17 cell polarization is also achieved by activating TLR in CD4+T cells and inhibiting Th 17-induced cytokine production (Cheng et al., 2019).

Receptor-interacting protein kinase-3 (RIP3), a crucial kinase involved in the signaling of necroptotic cell death, has been shown to have a role in autophagy. The kinase activity of RIP3 facilitates the recruitment of mixed lineage kinase domain-like (MLKL), leading to membrane permeabilization and the subsequent release of pro-inflammatory intracellular components (Zhang et al., 2023a). RIP3 signaling is related to the activation of macrophages/monocytes and the production of pro-inflammatory cytokines such as IL-6 (Zhang et al., 2018). IL-6, a key transforming factor, is implicated in the transformation of Treg into Th 17 cells that produce IL-17 and mediate the inflammatory process in the liver tissues of AIH patients. There is a correlation between its activity and the severity of liver injury. Taken together, RIP3-dependnt inflammation contributes to the development of AIH, suggesting its potential as a therapeutic target.






3 Conclusion

The intestinal microbiota, comprising over 10 billion microorganisms, is a intricate ecosystem within the human intestine, which maintains a dynamic balance with the host in a mutually beneficial symbiosis. It is involved in numerous physiological and pathological processes, including digestion and processing of food, maintenance of mucosal immune homeostasis, gastrointestinal inflammation, and the development of hepatic autoimmune diseases. Several physiological processes of the digestive system are carried out via bidirectional interactions between the gastrointestinal tract and the liver. 75% of the liver’s blood supply is conveyed by the portal vein from the intestines and spleen to the liver. Therefore, the liver’s physiology dictates that it is constantly exposed to intestinal microbiota and toxoid toxins, such as LPS and flagellin (Henao-Mejia et al., 2013). Thus, dynamic changes in the gut microbiota and its metabolites may have an impact on the normal physiologic function of the liver.

With advancing knowledge about the gut microbiota, an increasing number of studies are highlighting the potential significance of the gut microbiota in the development of liver diseases such as AIH, alcoholic liver disease (ALD), and nonalcoholic fatty liver disease (NAFLD). This may occur through mechanisms such as the disruption of intestinal barrier function and immune homeostasis (Cheng et al., 2022). However, only a small number of studies have evaluated the association between the autoimmune disease (AIH) and the intestinal microbiota. Due to the presence of numerous immune cells and innate immune receptors on the surface of various hepatocytes, intestinal microflora and its metabolites, dietary antigens, and so on, stimulate the immune response of the liver. Destruction of the intestinal barrier will result in liver damage, hepatic inflammation, and autoimmune diseases (Hsu and Schnabl, 2023). In genetically susceptible mice and patients with autoimmune diseases such as AIH, it has been demonstrated that the capacity of Enterococcus gallinarum to cross the intestinal barrier and transfer from the intestine to the liver leads to the development of autoimmune reactions (Manfredo Vieira et al., 2018). In AIH, the transfer of gut microbiota from the intestines to the liver is therefore the “initiator” of autoimmunity. Changes in the ratio of gut microbiota and metabolic disorders contribute to the pathogenesis of AIH by disrupting immune homeostasis and activating related signaling pathways. For example, the imbalance of immune cells, such as Treg/Th 17, Th 1/Th 2, TFR/TFH; the activation of immune cells, such as NKT cells; the increase in secretion of inflammatory factors, which disrupts the balance of immune homeostasis; the decrease in SCFAs and Tryptophan; and increased secretion of LPS, all of which damages the intestinal barrier and increases intestinal permeability through the activation of signaling pathways such as TLR, NF-kB, and AHR.

Clarifying the mechanism by which gut microbiota causes AIH is essential for the targeted search for effective therapeutic targets for AIH. The exploration of the gut microbial composition of AIH patients and animal models is conducted through the testing of their feces, which does not accurately reflect the true status of their gut microbes or track changes in the intestinal microbiota. In addition, due to the effects of medications, diet, and environment on the metabolism of gut microbiota, the changes in the gut microbiota of AIH patients, such as Lactobacillus, Faecali bacterium, and Lachospiraceae remain controversial in various studies (Cheng et al., 2022). In most studies, the use of 16S rRNA gene sequencing rather than metagenomics sequencing renders the sequencing results insufficient for functional analysis. More direct evidence and more precise assays are required to investigate the precise mechanisms by which the gut microbiota influences AIH, and larger patient populations and extended follow-up periods are essential.
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